Objective: Lung cancer located in the paravertebral region occasionally invades the rib head (T3) and not the spine (T4). In such cases, a costotransverse ligament release (CTLR) method may be useful for complete resection without performing a vertebrectomy. Methods: Eighteen patients with lung cancer underwent chest wall resection between 2001 and 2009 at our institutions. Of those, 7 who underwent chest wall removal with rib head resection via a CTLR method (group A) and 11 without rib head resection (conventional distal rib resection, group B) were retrospectively analyzed. Results: Three patients in group A underwent induction chemoradiotherapy. All rib head resections were performed via a CTLR approach without postoperative complications. There were no deaths within 30 day in group A and 1 in group B. The mean number of resected rib heads was 2.1 in group A, while 2.0 ribs were removed in group B. There was no significant difference for operation time between groups A and B (332 ± 112 vs. 287 ± 114 mins, p = 0�449). Local recurrence was seen in 0 patients in group A and 3 in group B (p = 0�13). The median survival time was 1489 and 727 day, respectively, while 5-year survival rates were 0.48 and 0.41, respectively. Conclusion: A rib head resection via a CTLR method is an effective procedure for T3 lung cancer infiltrating the rib head.
Introduction
Non-small cell lung cancer (NSCLC) located in the paravertebral region occasionally invades the rib head (T3) and not the vertebra (T4). However, there are few reports or discussion regarding the issue of rib head involvement in such cases. A costotransverse ligament release (CTLR) method for rib head removal is a traditional thoracoplasty technique performed by a thoracic surgeon without assistance from an orthopedic surgeon. In cases of lung cancer invading the rib head, a CTLR method may be an easy and useful technique for complete resection and good outcome.
Subjects and Methods
Eighteen patients with NSCLC and without mediastinal lymph node involvement underwent chest wall resection via a pneumectomy between 2001 and 2009 at our institutions. Each provided consent to undergo a chest wall resection. An affiliated Ethics Committee approved this retrospective study and waived the need for patient consent for analysis of the results. 268 Ann Thorac Cardiovasc Surg Vol. 
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There were no incomplete resections. Seven patients with rib head invasion underwent chest wall removal with rib head resection via a CTLR method (group A), while 11 patients with rib, but not rib head, invasion underwent a conventional rib resection procedure without rib head resection (group B). Three patients in group A received induction chemoradiotherapy (2 courses of cisplatin at 80 mg/m 2 + vinorelbine at 25 mg/m 2 , irradiation: 40 Gy).
Surgical Procedures
Each operation was conducted in a lateral decubitus position. Preparation for the lung resection and lymph node dissection was performed using standard procedures. En bloc resection of the lung tumor and rib head was conducted using a CTLR method (Fig. 1) . With this method, the costotransverse ligament and joint are cut with a bone scalpel, while the rib head is removed with an elevator using a leverage technique with the transverse process utilized as a fulcrum. The radiate ligament of the rib head is also removed, thus the lateral side of the vertebral body becomes bare.
Statistics
Statistical analysis between the 2 groups was performed using Student's t-test to compare variables. Analysis of a contingency table was performed using a chi-square test, while relative risk with a 95% confidence interval was calculated using InStat 3 (GraphPad Software, Inc.). The Kaplan-Meier method was used for calculation of survival from death by any cause. Comparisons within each group were performed using a log-rank test with Statcel 2 (OMS publisher, Japan). Statistical significance was considered at p <0�05.
Results
Patient characteristics are presented in Table 1 . A representative case of rib head involvement is shown in Fig. 2A and 2B, while a representative case from group B is presented in Fig. 2C . Case 4 was categorized as T4 for T-factor, because the descending aorta was involved with cancer and removed with the rib head in an en bloc manner. The mean numbers of resected ribs were 2.7 in group A and 2.0 in group B, while that of resected rib heads in group A was 2.1. The operation time was 332±112 mins in group A and 287±114 minutes in group B (p = 0�449). The pathological T3 status of the patients in group A was bone invasion in 2, pericostal infiltration in 4, and undescribed in 1. There were no hospital deaths in either group, while there was 1 death within 30 d in group B. Local recurrence was seen in 0 patients in group A and 3 (chest wall: 2, dissemination: 1) in group B (p = 0�13). The median survival time was 1489 d in group A and 727 d in group B (Fig. 3) , while the 5-year survival rates were 0.48 and 0.41, respectively (p = 0�498).
Discussion
NSCLC located in the paravertebral space occasionally invades the rib head (T3) and not the spine (T4). En bloc vertebrectomy procedures for lung cancer invading the spine (T4) have been reported to result in encouraging outcomes.
1-3� However, lung cancer involving the rib head and not the spine has seldom been reported or discussed. In the present study, we analyzed a series of cases that underwent en bloc rib head resection procedures performed via a CTLR method for lung cancer located in the paravertebral space that was invading a rib head or the immediate area, but not the spine. Surgical outcome of T3 lung cancer in the paravertebral space was found to be similar to that of ordinary T3 lung cancer (5-year survival rate: 0.48 vs. 0.41). Five-year survival for group B in the present study was similar or superior to previous reports. 4�5� These results support the notion that rib head invasion is only to T3 and not T4, even though the location is medial to the transverse process.
Good local control of T3 lung cancer in the paravertebral space was achieved via a CTLR method in the present patients, without a vertebrectomy. With this procedure, the lateral side of the vertebral body becomes bare, because rib head resection results in detachment of the radiate ligament from the rib head and periosteum from the vertebral body. In all of the present cases, the surgical margin of the resected tumor was cancer free and there were no instances of local relapse. All 7 cases were classified clinically and surgically as T3, while 2 of the 7 cases of rib head resection had pathologically true bone invasion and the others had pericostal infiltration. A tumor existing in the paravertebral space is usually adherent to a vertebral body between the rib heads. When the tumor is adherent to, but not invading, a vertebral body, a vertebrectomy might be over-treatment. Grunenwald 1� reported good outcomes of radical en bloc resection for lung cancer invading the spine. However, a vertebrectomy is technically demanding 6�7� and requires a longer operation time, 1-3� while rib head resection via a CTLR method is a relatively easier procedure and does not require a position change. A CTLR method for rib head removal is a traditional thoracoplasty technique performed by a thoracic surgeon without assistance from an orthopedic surgeon. However, since rib head resection for lung cancer is seldom discussed, a CTLR method for rib head removal is likely unknown by many general thoracic practitioners, especially younger surgeons working at medium or low volume institutions. Thus, it is important for young thoracic surgeons to become familiar with this method. Grunenwald 1� reported a 5-year survival rate of 14% following a vertebrectomy, whereas more recent studies 2�3� have reported 5-year survival rates ranging from 47%-66.7% following an en bloc vertebrectomy with induction chemoradiotherapy. The International Association for the Study of Lung Cancer (IASLC) Staging Committee recently down-staged T4 tumors from stage IIIB to stage IIIA, provided that nodal status is limited to N0 or N1.
8� Thus, it is necessary to consider the possibility of surgical treatment for lung cancer invading a vertebral body with adequate induction therapy.
7�
In the present study, we did not consider induction therapy to be necessary in group B, since an adequate surgical margin was obtained. We began performing adjuvant chemotherapy for patients in this group from 2005, as that for stage II and III cancer is recommended. On the other hand, an adequate surgical margin could not be obtained in group A and those patients began receiving adjuvant radiotherapy at the mid-point of this study period. More recently, we have begun performing induction chemoradiotherapy for such patients, as the Southwest Oncology Group (SWOG 9416) reported good outcomes with induction chemoradiotherapy for Pancoast tumors in patients with T3N0 or T4N0 disease. 9� The differences in induction and adjuvant therapy between the 2 groups in this retrospective study may have affected survival rates. Furthermore, another limitation of the present study is its design as an institutional report of a small population, due to the relative rarity of the disease. Additional studies and case accumulation are necessary.
Conclusion
A CTLR method is an easy and useful procedure for lung cancer invading a rib head. With this method, tumors adherent to but not invading the spine can be removed without a high risk of local recurrence.
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